It is important to investigate the clinical characteristics and identify the stroke mechanisms of patients with autoimmune disease-related stroke, which are necessary for early etiology diagnosis, accurate treatment and preventive strategies. In this article we retrospectively studied eight cases of acute ischemic stroke associated with autoimmune diseases, and without competing conventional stroke etiologies. The characteristics of stroke (clinical and radiological features), the laboratory tests especially serum D-dimer levels (as a marker of hypercoagulable state), and embolic signals on transcranial Doppler were evaluated for all eight patients. High-resolution magnetic resonance imaging (HRMRI), which can help to evaluate vasculitis was performed in four patients. The possible underlying mechanisms of these cases were discussed based on these manifestations. As a result, autoimmune diseases in our study included systemic lupus erythematosus (n¼5), mixed connective tissue disease (n¼1), central nervous system vasculitis (n¼1), and Takayasu arteritis (n¼1). All eight patients presented with acute infarction lesions in !2 vascular territories. Most patients presented with numerous small and medium infarction lesions located in the cortical and subcortical areas. Multiple stroke mechanisms were involved in these cases, including hypercoagulability (n¼4), cardiac embolism (n¼1) and vasculitis (n¼3). Embolic signals could be detected on transcranial Doppler in all three stroke mechanisms. In conclusion, our study revealed the characteristics of autoimmune disease-related stroke. For patients with multiple acute cerebral infarcts within non-single arterial territories, autoimmune disease is an important etiology not to be neglected. Multiple stroke mechanisms were involved in these cases.
Introduction
It is usually difficult to identify the causes of stroke and up to one-quarter of patients with ischemic stroke have no probable cause found after standard workup 1, 2 . Autoimmune disease is a rare cause of stroke. Several cases of ischemic stroke occurring in patients with autoimmune diseases have been reported. Patients with autoimmune disease such as rheumatoid arthritis and systemic lupus erythematosus (SLE) showed an excess risk of stroke over the general population. However, there are few systemic studies for evaluating autoimmune disease complicated with multiple acute ischemic stroke. It is important to investigate the clinical characteristics and identify the stroke mechanisms of these patients, which is necessary for early etiology diagnosis, accurate treatment and preventive strategies.
On the basis of existing experimental data, many laboratory and radiological examinations can help us to establish the mechanisms of stroke. The level of D-dimer has been used in many studies as a measure of hypercoagulability 3 . The detection of an embolic signal (ES) by transcranial Doppler (TCD) has been reported to have clinical significance, in that it clarifies cerebral embolism 4 . However, the clinical implications of ES have been evaluated mainly in conventional stroke patients 5 . There are few studies for evaluating ES in autoimmune disease complicated with stroke and the diagnosis of cerebral vasculitis by ES is difficult. Highresolution magnetic resonance imaging (HRMRI) is an emerging technique for characterizing intracranial arterial disease. It has been proven as an effective tool for identifying cerebral vasculitis [6] [7] [8] . Our aim was to investigate the clinical, laboratory and radiological features of patients with autoimmune disease complicated with multiple acute ischemic stroke, and explore the possible stroke mechanisms.
Materials and Methods Patients
Our study was approved by the Institutional Ethics Committees of the China-Japan Friendship Hospital. We retrospectively studied acute ischemic stroke patients with autoimmune diseases treated at the China-Japan Friendship Hospital (Beijing, China) from July 2013 to March 2017. The following patients were excluded from the study: (1) those who had not suffered focal symptoms or relevant acute infarction lesions; (2) those who had not undergone TCD monitoring for ES; (3) those who had infarctions due to conventional stroke etiologies; and (4) those who had incomplete workups for stroke etiology (either vascular or cardiologic studies). Finally, eight patients were finally included in this study.
Data Acquisition and Clinical Management
For all patients, the type of autoimmune disease, years from diagnosis of autoimmune disease to stroke, age, sex, and conventional stroke risk factors including hypertension, diabetes mellitus, hyperlipidemia, atrial fibrillation, ischemic heart disease, and tobacco consumption were collected. DDimer and erythrocyte sedimentation rate (ESR) levels were assessed at the time of hospitalization. All patients underwent extra-and intracranial Doppler and duplex sonography of cerebral arteries, computed tomography angiogram (CTA) or magnetic resonance angiogram (MRA), 24 h of electrocardiographic monitoring, transthoracic or transesophageal echocardiography (TEE). Stroke mechanisms were then identified by two experienced doctors.
Brain MRI Assessment and Analysis
Brain MRI examinations were performed in a 3 T scanner (Ingenia; Philips Healthcare, Best, The Netherlands) with a 15-channel phased-array head coil. The brain MRI scanning protocol included diffusion-weighted imaging (DWI), T1-and T2-weighted images, and T2-weighted fluid-attenuated inversion recovery (T2flair). The sizes and locations of all acute infarction lesions were noted. Lesions were considered 'small' when the largest axial diameter was <10 mm, 'medium' if 10-30 mm, and 'large' if >30 mm. Involved territories were arbitrarily assigned as (1) 
Results

Clinical Characteristics and Laboratory Examinations
A total of eight patients were included in this study. Clinical characteristics and laboratory examinations are showed in Table 1 . The median age was 40.5 years (30-58 years) and 87.5% were female. Autoimmune diseases in our study included SLE (n¼5), mixed connective tissue disease (MCTD; n¼1), central nervous system vasculitis (n¼1), and Takayasu arteritis (n¼1). The time from the diagnosis of the autoimmune disease to a stroke was 0-9 years; five of the eight patients presented stroke as the first manifestation of their autoimmune disease. All eight patients had neurological symptoms, including muscle weakness (n¼3), dysarthria (n¼1), facial numbness (n¼2), paresthesia of limbs (n¼2), somnolence (n¼1), and a mental and behavior disorder (n¼1). Overall, six of eight patients tested (75.0%) had elevated D-dimer values (0.56 to 5.62 mg/L; reference level 0.5 mg/L). Only two patients had hypertension, but with no atherosclerosis vasculopathy.
Radiological Characteristics, ESs and Stroke Mechanisms
According to the MRI, CTA, and TCD, the stroke mechanisms in these eight cases were identified into hypercoagulability (n¼4), cardiac embolism (n¼1) and vasculitis (n¼3).
The radiological characteristics of the eight cases are depicted in Table 2 . All these eight patients presented acute infarction lesions in !2 vascular territories and numerous small or medium infarction lesions located in the cortical and subcortical areas. The infarction lesions were located in the bihemispheric territories (n¼5), or bihemispheric territories and posterior circulation (n¼3). MRA and/or CTA were also normal in the other four patients (Cases 1-4), and combined with the elevation of D-dimer, the stroke mechanism was considered as hypercoagulability (Fig 1) . In one patient (Case 5), the stroke mechanism was attributed to a cardiac embolism because of cardiac valvular vegetations on TEE, and normal D-dimer levels and normal arterial examinations (Fig 2) . There were three patients (Cases 6-8) that showed bilateral anterior circulation vasculopathy on CTA and/or MRA which were regarded as vasculitis. HRMRI in one of the three patients showed circumferential vessel wall thickening and enhancement of bilateral MCAs (Fig 3) .
ESs were observed in six (75.0%) patients with various mechanisms ( Table 2 ). The time from stroke to TCD monitoring of these patients was 2-28 days. The time from stroke to TCD monitoring of another two patients without ES was 30 days.
Discussion
Autoimmune disease is an important etiology for stroke 11, 12 , especially for young female patients. In our study, five patients even presented with stroke as the first manifestation.
The types of autoimmune diseases in our study included SLE, MCTD, central nervous system vasculitis, and Takayasu arteritis. In addition, cerebral infarction occurred in patients with other autoimmune diseases, such as ChurgStrauss syndrome and rheumatoid arthritis [13] [14] [15] [16] . The patients included in our study mostly presented multiple, disseminated small and medium infarction lesions involving multiple arterial territories, located in the cortical and subcortical areas. This is in line with the TCD monitoring results, showing a high prevalence of ESs detected in bilateral MCAs. Infarction lesions involving multiple vascular supply territories were mostly attributed to atrial fibrillation, hematological diseases, or cancer 17 . However, autoimmune disease receives little attention. What is more, in our study, we found that large lesions were less common in autoimmune disease-related stroke than cancer-related stroke or atrial fibrillation-related stroke 9, 18, 19 . Only one patient (Case 6) with mechanism vasculitis had large infarction lesions in the basal ganglion. Since hypercoagulability was not the unique mechanism, the number of infarction lesions was not significantly correlated with D-dimer levels.
We found that the stroke mechanisms in our study included hypercoagulability, cardiac embolism and vasculitis. The level of D-dimer, which is a direct laboratory measure of activated coagulation, has been used in many previous studies as a measure of hypercoagulability 3 . D-dimer is the smallest fibrinolysis-specific degradation product found in the circulation. The D-dimer is very sensitive to intravascular thrombus and may be markedly elevated in disseminated intravascular coagulation 20 . In four patients (Cases 1-4) , stroke mechanisms were attributed to hypercoagulability with elevated D-dimer levels and normal arterial, cardiac examinations. Recent studies have revealed that inflammation may change the hemostatic balance in a thrombogenic direction. The immune system and coagulations system are linked, with many molecular components being important for both systems 21, 22 . Antiphospholipid syndrome is an important cause of hypercoagulability. In our study, three patients with antiphospholipid syndrome all presented multiple, disseminated small and medium infarction lesions involved multiple arterial territories.
In Case 5, the stroke mechanism was attributed to a cardiac embolism identified by cardiac valvular vegetations displayed on TEE (Fig 2) , and with normal D-dimer levels and normal arterial examinations. Cardiac valvular disease of this patient presented as non-bacterial thrombotic endocarditis (NBTE), a rare condition characterized by noninfective inflammatory and/or thrombotic vegetations on the heart valve leaflets. NBTE can be seen in autoimmune diseases such as SLE, antiphospholipid syndrome, and rheumatoid arthritis 23, 24 . Previous studies showed that NBTE in SLE was associated with a higher risk for embolic stroke and suggested that NBTE might be a source of cerebral emboli 24, 25 . In another three patients, the stroke mechanism was attributed to vasculitis. Case 8 was diagnosed as Takayasu arteritis. Carotid ultrasound of this patient revealed circumferential vessel wall thickening of the bilateral common carotid arteries (CCAs). Another two patients presented with Moyamoya syndromes on CTA. It has been reported that large-vessel stroke due to Moyamoya syndrome presented as a rare manifestation of SLE 26, 27 . Cerebral vasculitis in the setting of lupus may lead to large cerebral vessel occlusions and lead to Moyamoya syndrome. HRMRI of Case 7 showed circumferential vessel wall thickening and enhancement of bilateral anterior circulations, which confirmed the diagnosis of central nervous system vasculitis (Fig 3) . Recent studies have proven HRMRI as an effective tool for identifying cerebral vasculitis 28 . Since ES has clinical significance, in that it clarifies cerebral embolism, ES can help to distinguish cerebral infarction from other complications of autoimmune diseases. ESs were detected in 5.7% of unselected stroke patients and in almost 50% of cancer-related stroke patients in the previous studies 4, 29 . However, the frequency and the number of ESs detected in autoimmune disease-related stroke in our study are much higher. The time from stroke to TCD monitoring of ES-positive patients was 2-28 days, while ES was seldom positive after 1 week in conventional stroke patients. More interestingly, we found that ES was detected not only in hypercoagulability and cardiac embolism patients, but also in vasculitis patients.
Conclusion
Autoimmune disease is an important etiology and should not be neglected for stroke, especially in young patients in the absence of conventional stroke risk factors. Our study revealed the characteristics of autoimmune disease-related stroke, which were distinct from those of conventional stroke. These patients mostly presented multiple, disseminated small and medium infarction lesions involving multiple arterial territories, located in the cortical and subcortical areas. We found that multiple stroke mechanisms were involved in these patients, including hypercoagulability, cardiac embolism and vasculitis. For these patients, we suggest complete workups for the identification of stroke etiology, which is necessary for further accurate treatment and preventive strategies.
Limitations
First, the number of cases enrolled in our study was limited, but the examination data of these eight cases were comprehensive. TCD microembolic monitoring and HRMRI were done in our study, which were not included in the other studies. More patients will be enrolled in our further study.
Second, we will further explore the unique treatment and prognosis evaluation strategies of patients with autoimmune diseases compared with traditional cerebral infarction patients. In our study, corticosteroid and immunosuppression, together with antiplatelet and statin therapy were effective for these patients, and most patients recovered more quickly than traditional cerebral infarction patients.
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